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THE DISTRIBUTION OF THE FORMS 
OF SULPHUR IN THE COAL BED 


I. INTRODUCTION 


1. Preliminary Statement.—This bulletin is a report of investiga- 
mal work carried out by the United States Bureau of Mines under 
e terms of a codperative agreement with the Engineering Experiment 
ation of the University of Illinois and the Illinois State Geological 
irvey. Previous work published by the Engineering Experiment 
ation on the forms of sulphur in coal was conducted in the Chem- 
ul Laboratory of the University of Illinois by S. W. Parr and A. R. 
ywell, who developed successful methods for determining quantita- 
rely the different chemical forms of sulphur in coal. Their methods, 
seribed in a previous bulletin,* have been applied in the present 
wrk to the study of the manner of occurrence and distribution of 
e different forms of sulphur in the coal bed. 


2. Object of the Work—The experimental work was undertaken 
a part of the United States Bureau of Mines plan of research on coal 
eparation, and the application of the information secured to the 
oblem of producing cleaner coal was the principal objective. The 
lution of this problem must of necessity rest to a considerable 
tent upon an intelligent knowledge and appreciation of the physical 
d the chemical forms in which sulphur occurs in a particular coal, 
d how it is distributed through the coal in the bed. This infor- 
ition is essential in forming an opinion on the extent to which any 
ven coal may be cleaned by washing, that is, by a gravity separation 
water. The forms of sulphur occurring in the coal are sulphur as 
m pyrite, sulphur in organic combination with the coal substance 
elf, and sulphate sulphur present chiefly as calcium sulphate. 
rite occurs both in macroscopic and microscopic form.t Thiessen 
s found microscopic globules of pyrite in coals from many different 
lds in the United States, and even in peat. Pyrite has also been 
own to exist in this form in Japaneset coals. 


**\ Study of the Forms in which Sulphur Occurs in Coal,’ Univ. of Ill. Eng. Exp. Sta., 
l. 111, 1919. 
+ Am. Inst. Min. Eng. Bul. 153, 2431, 1919. 


_ } Iwasaki, Colliery Guardian 120, 797, 1920. 
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Pyrite or pyritic sulphur is not uniformly distributed in coal. 
It is well known that the variation in total sulphur content of the 
different benches or horizontal sections of a coal bed may be quite 
marked. This of.course might be entirely due to the heterogeneous 
distribution of iron pyrite. The distribution of organic sulphur has 
been given but little attention, because it exists in an amicroscopi¢ 
form and must be determined by chemical methods. Until recently no 
satisfactory methods have been available. Some earlier work,* done 
since the publication of Parr and Powell’s methods, led to the tentative 
conclusion that the organic sulphur content of a given coal varies but 
little, and that, at least, it is much more uniformly distributed than 
pyritic sulphur. The distribution of these forms of sulphur has an 
important bearing on the practice of coal washing, the dry separation 
of impurities from coal], and the use of coal for coking purposes. 

The fact that organic sulphur has some bearing on the washabil- 
ity of a coal has long been recognized. Some coal washing reports have 
contained an approximation of the figure for the percentage of this 
form of sulphur, in some cases with fine pyrite included under the 
caption ‘‘fixed sulphur,’’ ‘‘combined sulphur,’’ or ‘‘organic sulphur.” 
Bolling,t in a paper on ‘‘Chemical Control of Coal Washers’’ de- 
scribing methods used at the plant of the Nova Scotia Steel and Coal 
Co., gives the following figures determined by a sink and float test 
on a calcium chloride solution of 1.35 specific gravity: ‘‘Raw coal 
mixture, total sulphur 2.30 per cent; by calcium chloride, total sul- 
phur 1.10 per cent; (2.30 — 1.10) — 1.20 per cent pyritic sulphur, 
organic sulphur 1.10 per cent.’’ While this method does not give 
the correct values for organic sulphur, it does give a figure which is 
of value in coal washing work. 

Carl Wendell,t in an article on coal washing, states concerning 
combined sulphur that many times in examining a new washing 
apparatus he had been assured by the manufacturer that the machine 
would produce the desired results, this conclusion being based on two 
figures only; namely, total sulphur content of the coal and combined : 
sulphur content. Wendell adds further, prety 8 I have found 
that this premature statement was wrong.’ 


* Fraser and Yancey, Am. Inst. Min. Eng., Bul. 153, 1822, 1919. 
+ Eng. and Min. Journal, Aug. 29, 1908. 
t Univ. of Ill. Technograph, page 133, April, 1915. 
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His comment concerning the value of such hastily formulated 
Lions is fully warranted. The instances cited indicate that in some 
s organic sulphur has been one of the factors considered in con- 
jon with the reduction of sulphur in coal by washing processes. 
the other hand the opinion is sometimes expressed that the organic 
hur of coal is negligible in amount. There is a need for more 
irate and specific information on this subject. 

It is apparent that the possibility of cleaning coal of sulphur 
processes of dry separation such as selective mining, hand picking 
he face and in the tipple, or by mechanical devices, depends upon 
way in which the sulphur, particularly the pyritic sulphur, is 
ributed throughout the coal. 

This factor also has an important bearing in connection with 
eoking of coal. Uniformity of sulphur content is a valuable 
ibute of a coal to be used for coking or for gas manufacture. Some 
he [llinois mines nominally rated as low sulphur coal mines cannot 
lepended upon to ship day in and day out a product consistently 
in sulphur. 

All of the mechanical or gravitational methods of cleaning coal 
end upon the removal of particles of impurities of high specific 
vity from coal which is of lower specific gravity. In this connection 
; important to know whether organic sulphur segregates as does 
itie sulphur. In case concentrations of organic sulphur were found 
xist it would be desirable to associate such occurrences with other 
urities or specific recognizable conditions. 


3. Sources of Information.—The observations set forth in this 
tin are based on data secured by: 


1. Visual examination and sampling of. coal: in situ. at 
mines in three different beds in the central district ; namely, Illinois 
No. 6 Coal at the Middlefork Mine of the United States Fuel Com- 
any at Benton, Illinois, and Kentucky beds No. 9 and No. 12 at 
ines No. 7 and No. 8 of the West Kentucky Coal Co. in Union and 
Webster Counties of western Kentucky. Sectional bench samples 
were taken in a number of places in each of these mines and 
malyzed for total sulphur, organic sulphur, pyritic sulphur, and 
ine disseminated sulphur. 


2. Investigations incident to a survey of the coal pyrite re- 
urees of the central district, made by the United States Bureau of 
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Mines and the State Geological Surveys of Illinois, Indiana, Ohi 
Tennessee, Missouri, and Iowa, in 1918. A large number of min 
were visited by the field men sent out -by these agencies. Not 
were taken on the occurrence of sulphur, and estimates were mat 
of the available tonnage of pyrite which could be recovered an 
cleaned for industrial uses. The records of this work present qui 
a fund of information on the distribution of coarse pyrite in fl 
various coal beds throughout the district. 


3. Visual examination of the coal faces in mines in ¢0i 
nection with other investigational work and routine face san 
pling. 


4. Acknowledgments——The investigation was carried out und 
the general direction of Mr. E. A. Honproox, Assistant Directo 
and Mr. Gror@e 8. Rice, Chief Mining Engineer, of the United Stat 
Bureau of Mines. Professors S. W. Parr, Head of the Division of h 
dustrial Chemistry, and H. H. Srorx, Head of the Department ¢ 
Mining Engineering of the University of Illinois, have contributed man 
helpful and valuable suggestions throughout the course of the wor 
Mr. C. A. Meissner, Chairman of Coke and Coal Washing Committe 
of the United States Steel Corporation, has followed the progress ¢ 
the investigation with cordial codperation. Messrs. W. H. Ciineg 
MAN, President, and THomas Mosss, General Superintendent, of tl 
United States Fuel Co., made the arrangements for the work at tl 
Middlefork mine, and through their local organization at the mine gay 
every assistance. Mr. D. M. Lewrns, Chemist of the United States : 
Co. at the Middlefork mine, rendered valuable aid. The field work ¢ 
western Kentucky coals was carried out at mines of the West Kentuel. 
Coal Co., aided by the active codperation of Mr. T. E. Jenxrys, Vi 
President and General Manager of this Company. 
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Il. Generat Data on SutpHuR DISTRIBUTION 


5. Chemical Forms in which Sulphur Occurs in Coal.—Sulphur 
srs in coal in both organic and inorganic combination. In the 
itral and eastern coal fields of the United States the major inorganic 
phur compound is iron pyrite or mareasite, both of identical chem- 
| composition. Sulphate sulphur is ordinarily present in freshly 
ned coal chiefly as calcium sulphate, (gypsum), occurring in thin 
ite flakes along the cleavage planes. Calcite also occurs in a similar 
m. Because of the marked color contrast between the gypsum and 
' coal an exaggerated idea of the relative amount of the total sulphur 
‘sent in the sulphate form is easily given. Freshly mined coal may 
‘tain as much as 0.1 per cent sulphur as sulphate, but as a rule the 
ount of this form is less than 0.05 per cent. Stored coal increases 
sulphate sulphur because of the oxidation of its iron pyrite. Length 
storage, temperature, moisture, and the size of coal stored appear 
be the principal factors governing the rate of oxidation and the 
sequent formation of sulphate sulphur, so that after long storage 
» sulphate sulphur content may exceed that of the pyritie sulphur. 
's sulphate sulphur is water-soluble and if the coal is stored in the 
n a large part will be leached out. 

' It has long been believed that a varying though considerable 
portion of the total sulphur content of coal is present in organic 
‘bination with the coal substance. The investigations of Wheeler 
of many other workers have confirmed this view. Prior to 1873 
rmley* observed that some coals contained too little iron to combine 
all the sulphur present to form iron pyrite. He gives total 


: fficient iron present to unite with all of the sulphur as ferric sul- 
le. The investigations of Bradbury,t Kimball,t Drown,{] Fischer,§ 
Yallum,** Parr,tt Powell,tt and Wibaut and Stoffelf have 


*Geol. Survey of Ohio, 1, 361, 1873. 

+ Chem. News, 38, 147, 1878. 

ht Trans. Am. Inst. Min. Engr., 8, 185, 1880. 
Trans. Am. Inst. Min. Engr., 9, 656, 1881. 
3 Zeit. angew. Chem., 764, 1899. 

* Chem. Engr., 11, 27, 1910. 

F Univ. of Ill. Eng. Exp. Sta., Bul. 111, 1919. 
J. Ind. Eng. Chem., 12, 887, 1920. 

‘| Rec. trav. chim., 38, 132, 1919. 
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certified the existence of sulphur in organic combination in coal. 

appears that the organic sulphur is united with two different ty, 
of coal-constituent, and is classified as humus organic sulphur a 
resinic, or perhaps more properly merely as phenol soluble sulphur. 


6. Physical Forms of Pyrite—tIron pyrite may be found in ¢ 
in particles of various sizes and various shapes. Thiessen,* throu 
the microscopic study of thin sections, found that all the coals 
examined contained very small globules or particles of pyrite vary! 
in diameter from a few microns to a hundred microns. At the ofl 
extreme it is not uncommon to find, in the roof slate of the No 
coal in Indiana, pyrite boulders several feet in diameter. For 1 
purpose of studying the distribution of the pyrite in coal it has be 
found convenient to classify it according to the size of particles 
which it oceurs, under three headings, namely, microscopic pyrite, f 
disseminated visible pyrite, and coarse pyrite. The lines of divisi 
into these groups are of course merely arbitrary. As the partic 
exist in the bed they grade in size all the way from the very small 
to the largest. 

The microscopic pyrite consists of minute spherical globules 
visible except under the microscope. This form of sulphur is 1 
removable by mechanical processes. 

The fine disseminated visible pyrite occurs in several for 
This term is used to designate pyrite infiltrations coarse enough to 
visible to the naked eye, yet so fine and intimately mixed with t 
coal substance that their separation is difficult. Thin film-like eo 
ings sometimes occur on the joint planes, giving a natural cleava 
face of a lump of coal the appearance of being gold painted. 
fraction of a per cent of sulphur in this form may make a ear of @ 
look very dirty. Pyrite may occur in the form of small grains d 
seminated through the coal. Charcoal or mother-coal is sometin 
so thickly impregnated with pyrite grains of this sort that it has 
brownish color and is so hard that it interferes with the use of und 
cutting machines. The miners call this material ‘‘black jack.’’ 
and shale partings may also be impregnated with pyrite particles 
the same manner. f 

The coarse pyrite occurs in a wide variety of shapes, the m 
common of which is perhaps the lens; circular or elliptical in plan a 
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nticular in cross section, thick in the center and gradually thinning 

an edge around the perimeter. These lenses are commonly from 
» in. to 3 in. in greatest thickness and about 1 ft. across, although 
mses as much as 3 or 4 ft. thick and several hundred feet long 
‘e sometimes found at the top or bottom of a seam. In some 
sds the small lenses occur always at the same horizon along certain 
sdding planes. They may be almost edge to edge, forming a prac- 
sally continuous sheet of varying thickness. In other cases the 
‘ases are distributed promiscuously through the bed and may be 
und in any position. 

Another somewhat similar form of pyrite deposit, much less 
mmon, is thinnest in the center with the thick part near the cir- 
lar rim. 

Balls or nodules of sulphur are roughly spherical in shape. This 
‘rm is often found in the roof or floor. The term nodules is usually 
\plied to the small ones of 2-4 in. in diameter. The larger sizes 
2 more often called niggerheads or balls. Where they occur in 
2 roof they are sometimes 4 or 5 ft. in diameter. The large 
‘es quite often consist of a mixture of iron carbonate and pyrite 
they may have a core of limestone with a pyrite shell. The 
tall nodules are usually bright crystalline pyrite and approach more 
ssely pure iron pyrite (FeS,) in chemical composition. Pyrite 
posits which appear as continuous bands in a working face may be 
‘seribed as flat lenses of great lateral extent, such that they may 
‘continuous over large areas. They commonly vary from the thick- 
ss of a knife edge up to 2 or 3 in. Locally, thin parallel 
ads sometimes occur interlaminated with thin bands of coal in 
ch a manner as to necessitate picking out and discarding a large 
»portion of coal with the pyrite. Similarly with the thin facings 
‘coal described under fine disseminated pyrite, large lumps of coal 
netimes are so thickly impregnated with these film-like flakes of 
‘rite as to justify discarding the lumps as a whole. 

_ Pyrite also occurs in vertical or inclined veins in some coals 
hough this form is not very common. The thicker and more prom- 
nt veins are called by the miners ‘‘spar sulphur.’’ 

_ Local groups of veinlets that appear to arise from a common 
‘ter are called cat-faces. The center is often a small ball of irreg- 
r outline. The pyrite of cat-faces is a brassy yellow in color and 
en of a flaky porous structure. Bands of pyrite of a similar porous 
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or cellular structure are commonly found in Southern Illinois coa 
A lump of such forms seems to be built up of small thin plates | 
pyrite put together with spaces intervening so that the appare 
specific gravity of the whole lump is much lower than that of a pie 
of solid pyrite. Apparent specific gravity determinations on sampl 
from the No. 6 bed in Franklin County, Illinois, gave results as lo 
as 2.9. 

Pyritized vegetable fossils are not uncommon although they do n 
constitute any considerable part of the pyrite of coal. They a: 
usually in the form of fragments of branches or leaves. 

The manner in which the pyrite in any coal occurs in these varion 
forms determines to a large extent the ease with which it may be se 
arated from the coal. by handpicking or washing. Solid balls an 
lenses of the massive amorphous structure and brassy color are readil 
removed underground as they are easily seen and they usually brea 
freely from the surrounding coal. Lenses of a dark stony gray eole 
are not so easily picked out at the face. They are much more diffien 
to see and, as the boundary between coal and pyrite is usually i 
definite, the lens stick fast to the coal. 

Of the interbedded continuous bands, those which are solid clea 
pyrite usually separate easily from the coal along a natural beddin 
plane. Sometimes the coal and pyrite fall apart during minim 
Bands of this sort which are 1% in. or more in thickness are usually le 
in the mine. Thinner bands are broken up in shooting down the coa 
so that fragments become mixed with the coal and are difficult to pid 
out. A washer, however, will remove these small pieces. 


The grey laminated bands are much more difficult to remo 
There usually is no natural cleavage between the band and the a 
jacent coal. The thin laminae of pyrite merge indistinguishably in 
the coal and it is necessary to discard a large amount of adhering ¢0 
in order to get rid of them by picking. If this material is sent tot 
washer, a large proportion of the pyrite is slimed in crushing, whi 
increases the difficulty of its removal by washing. 

This is also true of the ecat-faces and pyrite facings in jol 
eracks. In order to improve the appearance of a ear of coal, lum 
which contain only two or three per cent sulphur in this form a 
sometimes discarded in the tipple. These cat-faces and pyrite facin 
are the most troublesome visible forms of sulphur for the washer 
When the coal is crushed for washing, even as fine as 14-in. size 
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rge part of this sulphur adheres to the coal particles, and a large 
rt of that which breaks free is slimed or broken into thin scales 
nich have a tendency to float off with the washed coal. 

The impregnations of fine grains of pyrite are of course insep- 
bly mixed with the coal. All the coals used in the coal washing 
sts at Urbana were found to contain a considerable proportion of 
‘ritic sulphur in this form. Samples of coal, finer than 14-in. maxi- 
1m size, carefully hand-picked to eliminate all pieces showing a trace 
impurity on the surface, still contained pyritic sulphur. Analyses 
three such samples of a Williamson County, Illinois, coal are given 
Table 1. 


TABLE 1 
‘Pyritic SuLPHUR IN HAND-PICKED SAMPLES OF A WILLIAMSON COUNTY, 
ILLINOIS, CoAL 


Values given in table in per cent, on a moisture-free basis 


Sample No. Ash Pyritic Sulphur Total Sulphur 
1 3.58 1.27 2.06 
2 4.82 1.06 1.86 
3a 4.27 0.84 1.63 


“loat on solution of 1.3 sp. gr. 


'7. Distribution of Coarse Pyrite in Various Beds.—If a large 
portion of the sulphur in a coal is concentrated in lenses, balls, 
, of solid pyrite, it may be possible by careful picking in the mine 
. tipple to ship a low sulphur product even though the sulphur 
‘tent of the coal in the bed may amount to several per cent. Ordi- 
ily, however, coals which contain a large amount of coarse pyrite 
Halso high in organic and finer pyritic sulphur. The distribution 
he coarse pyrite in the bed is also of importance; for instance, if, 
»ughout the mine, the lenses and balls are concentrated at a certain 
nite horizon, or if a certain bench contains a much larger per- 
sage of sulphur than the rest of the seam, hand-picking or selective 
i ng is facilitated. 

In some of the Central District coal seams the manner of dis- 
sation of iron pyrite deposits in the bed is well defined and typical 
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Balls or nodules in the roof and extending down into the top eos 
are characteristic of the Illinois No. 5 seam practically throughov 
the district in Indiana, Illinois, and Kentucky. Often there is a dis 
continuous band of pyrite lenses about the middle of this bed. 

The No. 6 coal in Illinois naturally divides itself into thre 
benches. The top coal and the bottom coal each comprising from on 
eighth to one sixth the thickness of the bed are separated from th 
middle coal by definite persistent partings, the upper one usually 
mother-coal and the lower one, called the blue band, of shale some 
times impregnated with pyrite. As a rule the narrow upper and lowe 
benches contain the larger part of the pyrite of the seam. 

In the No. 2 coal of the Longwall district of Illinois the sulphu 
balls and lenses are confined largely to the upper half of the bed. 

In the Danville district, where the No. 7 coal is mined, pyrit 
is usually in the form of lenses of the gray stony variety. They ar 
distributed promiscuously through the bed. 

Some interesting notes on the coarse pyrite deposits of the Ohi 
coals are given by W. M. Tucker* who did the field work in that stat 
in connection with coal pyrite survey of 1918. The Middle Kittanr 
ing No. 6 coal contains everywhere a parting near the middle of th 
bed of pyrite or shale, known as the middle band. This seam in Perr 
County, Ohio, shows a band of lenses about 13 in. from the top 0 
the coal. In the Upper Freeport No. 7 coal, deposits of pyrite in th 
form of large boulders are found imbedded in the coal along the side 
of the sandstone horsebacks. : 


* Economic Geology, 14, 198, 1919. 
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Til. Fievp anp Lasoratory MrtHops 


8. General Plan of Investigation—In outlining the plan for 
-work it seemed that the only way to study the distribution of. the 
us of sulphur in the coal bed was to take sectional samples of the 
izontal benches of the seam in the mine at the working faces. So 
this plan has been extended to the examination of three beds of coal ; 
‘No. 6 bed in Illinois and the No. 9 and No. 12 beds in Kentucky. 
nas not been possible to study each bed at more than one mine, 
it is hoped that the No. 6 bed in Illinois may be examined in 
»ral other localities, in order to determine whether there is a char- 
‘ristic distribution of the forms of sulphur throughout the bed. 
‘iously then, the results here given for the beds examined at one 
‘tion are not representative of the entire bed with regard to sul- 
r content, and must not be so interpreted. 


/The Illinois No. 6 bed was sampled at the Middlefork mine of 
United States Fuel Co., near Benton, Franklin County, Illinois. 
irge and excellently equipped washery* is maintained at the mine 
washing the entire output. The daily tonnage varies from 2400 
800 for the mine, and the washery operates about ten shifts per 
«. The washed coal is used for metallurgical purposes. 


‘In Western Kentucky the No. 9 and No. 12 beds were examined ; 
No. 9 bed in Union County at Mine No. 8 and the No. 12 bed in 
ister County at Mine No. 7 of the West Kentucky Coal Co. The 
12 coal, a fairly low sulphur coal, is used extensively as a gas coal 
jalso as smithing and steam coal. The bed No. 9 coal is much 
‘er in sulphur, and finds sale chiefly for domestic and steam pur- 


‘At each mine the seam was divided into horizontal benches, and 
bench was sampled separately, beginning at the bottom and con- 
“ng to the top of the seam. This information was desired not only 
‘ow the distribution of the forms of sulphur in the bed, but also 
‘he purpose of determining whether a relation existed between 
sie and organic sulphur. Additional data on the possible rela- 
‘hip was secured by taking additional samples at places in the 
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mine which showed the coal intergrown with lenses, bands, and ea 
faces of pyrite in such a manner that none of the coal was mo 
than 1 or 2 in. distant from the pyrite itself. At the Middlefo 
mine seven tipple samples were obtained, each representing a day 
output of about 2500 tons of raw coal. A sample of the washed eo 
representing one day’s operation of the washery was taken in ord 
to secure information as to the form or forms of sulphur eliminat 
by a mechanical process such as washing. Two samples of mother-co 
were taken at the Middlefork mine. Determinations of total pyrit 
and organic sulphur were made on all of these samples, and the resul 
are shown, both graphically and in tabular form, in this bulletin. 

In addition to the samples taken for chemical analysis, six we 
secured in the Middlefork mine for examination of the microscop 
pyritic sulphur. These were taken at the middle and near the top” 
the seam. Microphotographs of thin cross-sections of these sampl 
are given. A small development map showing where the samp] 
were taken in the Middlefork mine is included. <A table showing # 
pyritic and organic sulphur content of several eastern and centr 
district coals is included for the purpose of giving an idea of f 
relative amounts of these important sulphur forms contained — 
various coals. 

A new form of float and sink apparatus for use in making tes 
on fine coal has been developed and is described in this paper. 
was used in determining the amount and the variations of fine d 
seminated pyrite in the bench samples from two of the mines. 


9. Method of Collecting Samples—The face samples we 
taken by the Bureau of Mines method for sampling coal in f# 
mine.* <A vertical channel about 4 in. wide by 3 in. deep W 
cut in a clean fresh face, and the resulting cuttings caught on 
canvas. At each place selected for sampling the face was marked 0 
before cutting the sample, into from four to eight horizontal bench 
and each bench was sampled separately, beginning at the floor. Ha 
sample was broken up with the mortar and pestle of the Bureau 
Mines sampling kit, then screened and reduced to 4-lb. size | 
coning and quartering. In the Middlefork mine a portable hat 
crushert was used to reduce the coal to a size small enough to pe "0 


* J. A. Holmes, Bureau of Mines, Technical Paper No. 1. 
7S. W. Parr, Illinois Geological Survey, Bul. 29, 19, 1914. 
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duction by coning and quartering. It crushes the coal to about 
-In. maximum size. The crusher is of the burr type, made of 
minum and steel, with detachable handle and legs. 

_ Fig. 1 is a photograph of the coal face in the No. 6 Illinois bed 
id is introduced to give a better idea of the method of sampling 
ed. The total thickness of the bed was first measured. Then the 
vision of the seam into benches was indicated by white horizontal 
alk marks made on the coal face. In the Middlefork mine, No. 6 bed, 
seam was divided into from four to eight benches at the sampling 
vations, and each bench was sampled separately. Sectional bench 
mples were collected in this manner at twelve working faces in the 
me. The top sample represents in most cases the first 10 or 12 
| of coal down to the natural bedding plane. The miner desig- 
'tes this bench as the top coal. The bottom sample represents the 
nl from the floor up to, but not including, the blue band. This 
ind, sometimes shale and often pyrite of a thickness of 2 or 3 in. 
f erally occurs from 10 to 15 in. above the floor. The intervening 
ions of the bed were divided into from two to six sections, 
‘king the divisions, wherever practicable, at natural partings. 
fe blue band was always thrown out. With this exception the 
‘nples cover everything from the top to the bottom of the seam, 
1 represent fairly what is hoisted and sent to the washer. Tables 
‘to L in Appendix I give the vertical thickness of the horizontal 
tions, show the impurities occurring in a section, and indicate 
ether they were included in the sample. 

_ In the mine operating in the No. 12 bed in western Kentucky, 
aples were taken at six locations. Here 1 to 2 ft. of the top 
)Lis left up for roof. This was sampled at two locations in the mine, 
ft the remainder of the seam was divided into four approximately 
nal benches, represented by a corresponding number of samples. 
® division into benches was made in such a manner as to include 
mne sample all of a characteristic shaly band occurring a little below 
“middle of the seam. In the No. 8 mine of the West Kentucky Coal 
, Which operates in the No. 9 bed, the seam was divided into four 
irly equal benches, four samples being taken at two locations. 
The samples of raw coal, washed coal, and refuse were taken in 
-manner prescribed for the sampling of deliveries.* The gross 


e*G. S. Pope, Bureau of Mines, Tech. Paper 133, 197. 
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samples were collected by taking shovelfuls at twenty minute inten 
from the raw coal, washed coal, and refuse conveyors, respectively. 


10. Preparation of Samples for Analysis—The 4-lb. samy 
were allowed to air dry in the laboratory. They were then crushe¢ 
14,-in, size and a sample cut out for the sink and float test. The f 
samples, crushed in the Braun disc pulverizer to pass a 100-m 
sereen, were put into 4-oz. glass bottles sealed with rubber stopper 


11. Methods Used for Determination of Forms of Sulphw 
Total sulphur determinations were made by Eschka’s method, wl 
is so extensively used for estimating total sulphur in coal tha 
description of the analytical procedure need not be given here. 

The pyritic sulphur was determined by the method of Parr 
Powell* by extracting 1 gm. of 100-mesh coal with a mixture 
20 ce. of concentrated nitric (sp. gr. 1.42) and 60 ec. of water. 4 
dilute nitric acid has a specifie gravity of 1.12. It is allowed to coo 
room temperature before starting the extraction. The extractiol 
best conducted in a 300 ec. Ehrlenmeyer flask. Some coals are diffi 
to ‘‘wet’’ by the dilute nitrie acid, but by stoppering the flask — 
shaking vigorously for a minute, this is readily accomplished. | 
extraction process was always allowed to proceed for four days 
room temperature; a vigorous shaking being given the flask one 
twice each day during the period. 

After extraction, the coal was filtered off and the filtrate e 
orated to dryness on the water bath. The residue was then disso] 
in about 5 ec. of 1 to 1 hydrochloric acid, diluted with water to ak 
100 ee., brought to the boiling point, and filtered. Ordinarily, 
pyritie sulphur determinations were made by determining the sulp 
in the filtrate rather than the iron, but determinations of both | 
and sulphur were made on several samples from each mine in 01 
to find if iron and sulphur were present in the same ratio as in | 
pyrite. The values obtained by calculating the sulphur from the? 
and by determining sulphur direct, agreed very well indeed for 
coal from each of the beds. 

Organic sulphur was not directly determined. The values sh 
for this form of sulphur represent the difference between the t 
and the pyritice sulphur. 


* Loc. cit. 


Fig. 1. FAckE oF Coa IN ILLINoIs No. 6 BED, 
SHOWING Division oF SEAM INTO BENCHES FOR SAMPLING 


THE DISTRIBUTION OF THE FORMS OF SULPHUR IN THE COAL BED 23 


Sulphate sulphur was found to be so low in the samples examined 
at it has been entirely disregarded in tabulating the variations of 
2 forms of sulphur in the coal bed. Only ten samples were examined 
*-sulphate sulphur. It was extracted by boiling 5 ems. of. coal 
¢ one hour with 50 ec. of hydrochloric acid (sp. gr. 1.2) diluted to 
0 ee. with water. The filtrate was evaporated nearly to dryness, 
suted, and the sulphates precipitated by adding an excess of a 10 
r cent solution of barium chloride in the manner prescribed in the 
‘echka method for total sulphur. The highest value obtained for 
‘phate sulphur in the samples was 0.04 per cent, and this value 
‘s on a sample containing six per cent of total sulphur which had 
en mined three months. 


12. Determination of Fine Pyritic Sulphur—tThe term fine dis- 
ainated pyritic sulphur is used in this report to designate fine pyrite 
ticles so intimately mixed with the coal that they are not broken 
-e from it by crushing to the finest size at which coal is ordinarily 
shed, namely, through 14-in. round hole screen; and sufficiently 
all not to render the coal particles in which they happen to oecur 
vy enough to be separable by gravity methods. This is an abitrary 
inition which seems perfectly logical from the practical view point 
connection with coal washing. The determinations were made by 
sjecting samples of the coal, of 14-in. maximum size, to sink and 
at tests using a zine chloride solution of a specific gravity 0.05 
ther than the average specific gravity of the coal, analyzing the float 
ttion for pyritic sulphur, and correcting for the weight of sink 
hoved in order to express the results as a percentage of the original 
y coal sample for comparison with the other analytical data. 

_<As determined by this method the figure for fine disseminated 
vitie sulphur percentage does not account for all pyrite particles 
ow any certain fixed size, as some very small pieces, notably of the 
which occurs as thin plates in the tiny joint cracks of the coal, may 
broken free from the coal and, sinking in the float and sink bath, be 
$ discarded, while other pieces, possibly larger, which stick fast to or 
included in coal particles, may float. The size of the largest pyrite 
icle which could be included may be calculated as follows; assum- 
the extreme case of a fragment of the maximum size in the sample 
isting of clean coal with an attached or included pyrite particle 
large enough to increase the specific gravity of the piece by 0.05, 
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and assuming that the specific gravity of the clean coal is 1.30, - 
specific gravity of the raw coal particle in question is then 1 
+ 0.05 = 1.35. 

Let x = volume of pyrite in this raw coal particle of unit volm 

1.00 = total volume of the raw coal particle. 

1.00 — x = volume of the clean coal part. 

1.30 (1.00 — x) = mass of the clean coal part. 

5x = mass of the pyrite part, assuming specifie gravity of py1 

as 5.00. 
Then 1.30 (1.00 — x) 5x = total mass of the raw coal particle. 
Also 1.85 = total mass of the raw coal particle. 
1.30 (1.00 — x) 5x = 1.385. 
3.1% ==— 0,05, 
x = 0.0135 volume of pyrite part of raw coal particle. 

V0.0135 = 0.26 size pyrite cube in unit cube of raw coal. 

0.26 & 14 in. = 0.065 in. size of maximum pyrite cube in 14-in. e& 
of raw coal. 

0.065 in. == 10 mesh. 

Bee thousandths of an inch in diameter, or through 10-me 
sereen, therefore, is the maximum size of pyrite particle that could 
included in the float part of the sample in determining fine pyr 
sulphur by this method. 

For making the determinations a new sink and float appara 
illustrated in Fig. 2 was used. This was designed for use in the @ 
washing laboratory for control work and preliminary testing wl 
small coal is being handled. For coarse coal of jig size the appara 
developed some years ago by G. R. Delamater is used. This has be 
very widely used for coal washery control and the method has pro 
very satisfactory for the size of coal ordinarily washed in jig washe 
In fact it is often referred to as the ‘‘Standard’’ sink and fi 
apparatus. i 

In working with small coal, such as some washeries are 1 
‘ handling, through a 14-in. sereen, or through a 14-in. screen witl 
large proportion of slime, and in experimental work in oil coagulati 
and flotation of coal, where even smaller sizes are handled, a need | 
arisen for an apparatus in which all the solution used as well as 1 
coal sample is divided into a float portion and a sink portion, and 
screened or filtered with the respective float and sink portions of 
coal sample. 


Fig. 2. New Sink anp Fioat Test Apparatus, ASSEMBLED 


Fic. 3. New Sink AND Fioat Test APPARATUS, DISSEMBLED, SHOWING 
CONSTRUCTION 


ee 
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The apparatus illustrated accomplishes this purpose. It is shown 
embled ready for use in Fig. 2. The three separate pieces which 
ke up the apparatus are shown in Fig. 3, and details of construction 
the barrel in Fig. 4. The apparatus was made in the laboratory 


po 


Sin. Rounad-way 
Stgo-cock 


LEY 
g 4 
I.WW, 


Fic. 4. Devams or Barre, or New SINK AND FiLoatr Test APPARATUS 


», of a 3-in. round-way stop-cock valve, a piece of 4-in. galvanized 
, anda tilting frame. It is so simple in construction and operation 
very little description is necessary. 

‘The bore of the valve plug was cut out to 4-in. size at one 
jand almost through to the other side of the plug. <A cylindrical 
Jen core was then inserted, and babbit was poured in around this 
‘l up the corners in the interior of the plug and stop up the small 
of the bore so that the valve plug, instead of a 3-in. round hole 
ugh it, has a 4-in. cylindrical well in it, as shown in Fig. 3. In 
valve body one opening was cut out to 4 in. in diameter and a gal- 
ved pipe 10 in. long and 4 in. in inside diameter was soldered on; 
pposite opening was closed with babbit. The 4-in. galvanized pipe 
he 4-in. well in the valve plug form the container for the sink and 
bath. For convenience in manipulation this barrel was pivoted on 
ing frame fitted with a spring at the bottom for holding the barrel 
when in the vertical position, and a stop for the valve handle to 
tate lining up the well in the valve plug with the bore of the 
ized pipe. 
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In making a sink and float test the valve handle is turned ove 
against the stop, forming a continuous cylinder of the pipe and valvy 
which is filled to within about 2 in. of the top with a solution ¢ 
the desired specific gravity. The coal sample is then immersed in th 
solution and stirred till thoroughly wetted. It is then allowed 1 
stand undisturbed for a short time to permit the heavy particles t 
sink to the bottom and the light particles to rise to the top. The valy 
handle is then turned through 180 degrees, care being used to ayoi 
jerking or jarring the apparatus. This separates the heavy partiel 
in the well of the valve plug from the light particles floating in th 
upper part of the galvanized cylinder. 

By tilting the barrel the float coal and solution is then poure 
out into a fine screen or a filter, the solution is drained off for use i 
another determination, and the adhering particles of float coal in th 
apparatus are flushed out on the filter with a small stream of wate: 
The valve is then turned back to the open position, and the sink eo: 
and solution is poured upon another screen or filter in the sam 
manner. The products are then washed with water on the screens 0 
filters to remove all trace of the solution used. By using this apparatu 
with filters for washing the products all the sample is recovered an 
there is no loss of fines by suspension in the solution. The sma 
volume of solution used makes the operation with vacuum filters fairl 
short. On samples from which the slime has been removed a 100-mes 
sereen is used instead of the filter. This apparatus was designed t 
make the separation just above the top of the sink in the cylinder s 
that practically all of the solution carrying particles in suspension goé 
with the float. The float, therefore, includes particles of the sam 
density as the solution and lighter. q | 


Samples as large as 200 gms. are handled in one operation 
an apparatus of the size described. If it is desired to use larg’ 
samples they should be treated in 200-gm. portions. 

For the determination of fine disseminated pyrite, mixtures 
chloroform and aleohol and solutions of zine chloride in water we 
used. Chloroform and mixtures of chloroform and alcohol are mo 
suitable for sink and float tests on fine coal because they are not 
viscous as is a zine chloride solution of equal density. Howeve 
evaporation losses when using chloroform make the method mor 
pensive than when a zine chloride solution is used. 
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IV. Data anv Discussion 


18. Distribution of Forms of Sulphur in the Coal Bed—The 
la on the distribution of the total sulphur, organic sulphur, total 
‘itie sulphur, and fine disseminated sulphur content through the 
tieal section of the bed at various places in the three mines exam- 
are shown graphically by means of charts, Figs. 6, 7, 11, and 13. 
» exact figures for the percentage of each form of sulphur in each 
‘ch at each place where a sample was taken are given in tabular 
'm, with a description of the visible impurities in each bench, in 
oendix I. 


In the charts, distance from the roof or top of the coal is laid 
yon the ordinate axis and the percentages of total, pyritic, and 
onic sulphur are laid off as abscisse. The dash line represents 
1 sulphur, the unbroken line pyritic sulphur, the dot-dash line 
ie sulphur, and the dotted line fine disseminated pyritic sulphur. 
| straight vertical lines showing per cent sulphur represent the 
sage values for the forms of sulphur in -benches whose relative 
\messes are represented by the lengths of the lines. The hori- 
al offsets in these vertical lines are due to variations in the values 
the forms of sulphur occurring in adjacent benches, and do not 
n that the sulphur content changes abruptly at these points. The 
hur percentages plotted in the graphs represent values for 
‘ture-free coal. 


Middlefork Mine 


The No. 6 coal at the Middlefork mine near Benton, Illinois, 
ages about 7 ft. in thickness, though it varies from 614 to 
' 8 ft. It shows everywhere the characteristic shale blue 
| of the No. 6 coal, from 9 in. to a foot and a half above the 

In some places in this mine the blue band is pyrite or 
: impregnated with pyrite grains. A sample of the blue band 
yzed 6.39 per cent sulphur and 84.4 per cent ash. The seam 
| divides naturally into three benches, the lower bench separated 
' the middle bench by the blue band and the upper bench or top 
“usually separated from the middle part of the bed by a very 
)parting of charcoal or mother-coal, or simply by a well defined 
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Fig. 5. Srcrions or Inutinors No. 6 Brep 


bedding plane from 12 to 18 in. below the roof. Typical section 
of the No. 6 bed showing the occurrence of coarse pyrite infiltration: 
and other visible impurities at three locations where samples wert 
taken are given in Fig. 6. The moisture content of the coal from thi 
mine averaged 6.45 per cent. 

The pyrite occurs chiefly in the form of cat-faces, small flakes 01 
plates and joint fissures, and thin bands less than 14 in. in thickness 
Some thicker bands and lenses of solid pyrite also are found, but é 
large proportion is in the form of very thin bands, veinlets, or plates 
of a cellular or friable structure, so that it is very difficult to separate 
from the coal by hand-picking, and it slimes badly when crushed fo 
washing. ; 


| 
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The distribution of the forms of sulphur occurring in this ming 
are plotted in Fig. 6; A, B, C, D, E, and F, and Fig. 7; G, H, I, J 
K, and L. Each lettered chart represents a vertical section of the 
coal bed at one of the places sampled. A small development map of the 
mine, Fig. 9, shows by corresponding letters the location at which eaek 
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Fig. 9. SKELETON Map or MippLErorK MINE 


these locations. | 
It is hardly necessary to point out the great variations in pyrit 
sulphur content in the vertical span of the seam. This is shown mos 
clearly in the graphs. In practically every section the total sulphuj 
and the pyritic sulphur are much higher in the top coal and in thf 
coal below the blue band than in the middle benches of the bed. 1 
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yerage total sulphur content of all the top coal samples was 4.17 
ar cent; of the bottom coal, 3.83 per cent; and the average content 
? the middle benches between the top coal and the blue band was 
05 per cent. 
_ The organic sulphur content is shown in the graphs by the dot- 
ash line. While this does not run uniform from top to bottom of the 
am the variations are not large. As compared with the very great 
sanges in percentage of pyritic sulphur, the organic sulphur is 
ute uniform. The greatest divergence in any one section is from a 
inimum of 0.57 per cent to a maximum of 1.25 per cent. Consider- 
@ the mine as a whole, however, it cannot be said that the organic 
Vphur is constant and uniformly distributed, as the samples varied 
om this low percentage, 0.57, to as high as 2.10, thus showing the max- 
sum variation over the mine of one and a half per cent. The theory 
s been advanced that the organic sulphur content of a given bed of 
al may be constant over large areas and characteristic of that par- 
ular bed. The results of these investigations, however, would in- 
vate that the uniformity of organic sulphur distribution is confined 
very limited areas in the bed and that even for a single mine as 
vhole the variations in organic sulphur content may be considerable. 
The average percentages of the different forms of sulphur in the 
vee natural benches of the coal are given in Table 2. It is to be 
sed that the coal below the blue band is somewhat lower in organic 
phur content than either the top or middle coal. 
_ It will be observed from the graphs that, though in general the top 
1 and bottom coal benches are much higher in total sulphur than 
‘middle part of the bed, the pyritic sulphur and consequently the 
al sulphur locally is very erratic in occurrence, and, at some places 
apled, sections of considerable thickness near the middle of the face 
‘very high in sulphur. This is only partly explainable as due to 
mee inclusion, in a comparatively small section, of a large lens or 
d of pyrite. As a comparison of the graphs with the notes in 
gendix I will show, some benches that showed no eonspicuous 
centrations of visible pyrite analyzed high in pyritie sulphur. 
The two samples of mother-coal taken at this mine were much 
ter than the average coal in pyritic sulphur and ash but very low in 
anic sulphur. These are samples of mother-coal partings about 
/in. thick, occurring near the roof. One was taken near the face 
whe first East South Entry near F on the map and the other at the 
| of the first West South Entry near L. 
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TABLE 3 


ForMS oF SULPHUR IN MoTHER-CoAL SAMPLES 
Values given in table in per cent, on a moisture-free basis 


‘ample No. Location Total Pyritic Organic Ash 
Sulphur Sulphur Sulphur 

56 Ist E. S. 6.63 6.62 0.01 39.3 

57 Ist W.S. 20.85 20.48 0.37 32.3 


| Although the samples were very high in pyritic sulphur it was 
t apparent to the eye, and Sample No. 57 carrying 20.48 per cent 
‘ritic sulphur was not conspicuously higher in visible pyrite than 
mple No. 56 with only 6.62 per cent pyritic sulphur. 

There has been considerable speculation as to the composition and 
‘gin of mother-coal layers in coal beds. Other investigators who 
sent analyses of this substance, have generally concluded that 
ither-coal, while different in composition from the adjacent coal in 
> same bed, is a good grade of fuel not appreciably higher in ash 
d sulphur content. E. A. Holbrook* gives the analysis of a sample 
cen from a 1%-in. band of mother-coal in the No. 6 bed in 
iiamson County as follows: ‘‘Volatile matter, 9.75 per cent; 
ed carbon, 87.47 per cent; ash, 1.72 per cent; and sulphur, 0.90 
* cent. This indicates that mother-coal is a high grade coal of 
ferent composition than the rest of the seam.’’ T. E. Savaget in 
cussing the vegetable matter of Illinois coal beds says that the 
neral charcoal generally contains but little, if any, more ash than 
: average coal of the bed in which it occurs. Analysis of a sample 
mother-coal and of a sample of ordinary coal, both from the No. 6 
lin Williamson County, are given as follows: 


i 
4 
‘7 
i 


H Volatile Matter Fixed Carbon Ash 
(Oto SS 6he senppeo ace Bree hace perbign ¢ BPMIES namanoesc dee 10.72 
1) Mother-Coal ........ PBI so oog omodec Gai 28 Ras eialetanie stele « 10.18 


the other hand the samples of mother-coal taken at the Middlefork 
ne in connection with the present work contained much larger 
‘centages of both ash and pyritic sulphur than the average coal 
he bed. In view of these divergent results it is impossible to make 
y generalizations. Additional information on the composition of 


* Univ. of Ill. Eng. Exp. Sta., Bul. 88, 62, 1916. 
7 Journal of Geology 22, 76, 1914. 


38 ILLINOIS ENGINEERING EXPERIMENT STATION 


mother-coal is desirable. The most striking characteristic of the tw 
samples examined is that they contained practically no organi 
sulphur. 


West Kentucky Coa! Co., Mines Nos. 7 and 8 


The No. 12 or Caney Fork seam in Kentucky, sampled at the No. 
mine of the West Kentucky Coal Company, is a high grade low sulphu 
coal used to a considerable extent as producer gas and_ by-produ 
coal. This seam varies from 7 to 9 ft. in thickness and carrie 
in most places a characteristic shaly bench, consisting of parallel band 
of shale interbedded with coal and bone-coal, one third the heigl 
of the coal above the floor and varying from 6 to 12 in. in thicknes 
From 6 in. to 2 ft. of top coal is left up in the room to protect th 
roof. The moisture content of the coal from this mine averaged 6.2 
per cent. 

The visible pyrite occurs mainly as thin bands from the thicknes 
of paper up to 14 in. with only occasional lenses and cat-face 
Sections at three places sampled showing occurrence of visible im 
purities are given in Fig. 10. The lenses and cat-faces can be picke 
out to a certain extent, but the larger part of what pyrite occurs 1 
this mine is too fine for hand-picking. 

The No. 9 coal sampled at Mine No. 8 has been correlated with th 
No. 5 bed mined in Saline County, Illinois. It has, at the No. 8 min 
where sampled, a thickness of about 5 ft. It is higher in bot 
sulphur and ash than the No. 12 coal and is sold only for steam an 
domestic fuel. Visible pyrite occurs mainly in the form of interbedde e 
sheets or bands, varying in thickness up to 114 in. Those which at 
as much as 14 in. in thickness generally hold together well enough t 
be largely removed by hand-picking. A large proportion of the su 
phur that is concentrated in definite bands could probably b 
eliminated by washing. 

The data on distribution of sulphur in these beds, secured b 
analysis of the sectional samples taken, are presented graphically i 
Fig. 11, N, O, P, Q, R, and S; and Fig. 13, U and V. The locatior 
represented by Fig. 11; N, O, P, Q, R, and S, referring to the No. 
mine, are shown by corresponding letters on the development maj 
Fig. 12. 

‘The great variations in pyritic sulphur content in the vertie 
span of the seam are shown most clearly in the graphs, where the 
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Fig. 13. DistTrrpuTion oF Forms oF SULPHUR IN CoAL Ben, MINE No. 8, 
West KentTucKy Coat Co. 


broken line represents the pyritic sulphur content. At almost every 
place sampled in the No. 7 mine, the total sulphur and the pyriti 
sulphur content are considerably lower in the middle part of the bec 
than in the top and bottom coal. At each place the bed was divider 
into five approximately equal benches for sampling, and as a rule th 
middle bench was lowest in sulphur, the two adjacent above and beloy 
were higher, and the top coal and bottom coal were highest. At th 
two places where samples of the roof coal were taken, it proved to b 
higher in sulphur than any other part of the bed in the same location 


The average sulphur content of the different benches of the sear 
throughout the mine are given in Table 4. Considering only that pal 
of the seam which is mined, the upper section of an average thickn 
of 1 ft. 3 in. has an average sulphur content of 1.85 per cent. 
bottom coal to an average height of 1 ft. 3 in. above the floor avera 
1.58 per cent sulphur, and the intervening middle part of: the b 
averaging about three and a half feet has an average sulphur cont 
of 1.09 per cent. The weighted average of all the samples taken in 
mine is 1.48 per cent sulphur and 9.12 per cent ash. 

Two sets of sectional samples taken in the No. 8 mine indi 
that in this seam the highest total sulphur and pyritie sulphur con 
are in the bottom coal and that the sulphur content decreases more 
less uniformly from the floor to the roof. 
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The organic sulphur content is shown in the graphs by the dot- 
dash line. While this does not run uniform from top to bottom of 
the seam the variations, as shown in the graphs, are not large. As in 
the Illinois bed No. 6 coal, the organic sulphur content is quite uni- 
form. As compared with the very great changes in the percentage of 
pyritie sulphur, the greatest divergence in any one section in the No.7 
mine is from a minimum of 0.72 per cent to a maximum of 0.97 per 
cent. A closer approach to uniformity of the values for organi¢ 
sulphur in the different benches at a given location is not obtained 
by calculating organic sulphur content on a moisture, ash, and pyritic 
sulphur free basis. The fine disseminated pyrite like the organic sul- 
phur is much more uniform and constant in amount throughout the 
height or thickness of the bed than is the total pyritie sulphur. These 
two forms, the organic and the fine disseminated pyritic sulphur, may 
be regarded as very largely fixed or irremovable sulphur, the percentage 
of which is more or less constant and characteristic of the bed. T 
irregularities in the distribution of the total sulphur are due mainly 
to the concentration of pyrite in bands or lenses which are largely 
removable by hand-picking or to a greater extent by washing. 

Mine No. 7 in the Caney Fork, or No. 12 seam, was a 
June 17, 1918, by W. B. Plank of the United States Bureau of Mines 
to determine the suitability of this coal for bunker coal. At that time 
four channel face samples were taken and designated as follows: 
Sample G taken at the face of the tenth room, off second south entry 
off the seventh right east dip entry, 3000 ft. east of the shaft; Sample 
H taken at the face of the twenty-fourth room, off third left, off 
east dip entry, 1400 ft. northeast of the shaft; Sample I taken at th 
face of the eleventh room, off the fourteenth south entry, off the second 


TABLE 6 
ANALYSES OF Kentucky Brep No. 12 Coan rrom MINE No. 7 


Values given in table in per cent, on a moisture-free basis 


Sample Moisture “Volatile {Fixed Carbon Ash Sulphur B. t. 
G 4.49 35.32 49.97 10.22 1.04 12 540 
H 4.61 36.55 51.67 17 1.084 13 010 
I 6.78 33.43 46.39 13.40 1.21 11 710 
J 5.99 33.06 52.35 6.60 1.08 12 900 
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»ft main rise, 5100 ft. southeast of the shaft; and Sample J taken 
t the face of the third south entry, off the third left entry, off the 
jain rise, 2800 ft. south of the shaft. Analyses of these samples are 
‘iven in Table 6. 


14. Relation of Pyritic and Organic Sulphur—lit is apparent 
vom the graphs showing the distribution of the sulphur forms that 
1 the beds examined organic sulphur is not concentrated around or 
ssociated with segregations of iron pyrite, as the curves for organic 
nd pyritic sulphur show no similarity. <A high pyrite content is not 
eeompanied by high organic sulphur content. On the contrary, in 
ne majority of cases, in going from one bench or section of the bed 
) the next one adjacent above or below, an increase in pyritie sulphur 
accompanied by a decrease in organic sulphur and vice versa. This 
true almost without exception in the north half of the Middlefork 
‘ine, where the samples secured averaged much higher in sulphur 
ian in the south side of the mine. This can hardly be interpreted as 
; pporting the idea that organic sulphur contributes to the formation 
3 pyritie sulphur, however, as this tendency is not nearly so evident 
_ the south side of this mine nor in the other two mines examined. 

| These graphs show how important is the element of organic sulphur 
coal and what large proportion of the total sulphur of these coals 
‘makes up. Of the thirty samples collected in the West Kentucky 
0. 7 mine, in only seven does the pyritic sulphur content exceed the 
yganic sulphur content. Organic sulphur, which is often considered 
- constituting a negligible percentage of the total sulphur of coal, 
iceeds the pyritic sulphur in twenty-three samples out of the thirty 
‘lected in this mine. In the No. 8 mine of this company, the coal 
‘higher in organic than in pyritic sulphur in five of the eight samples 
Nlected. Of sixty-six regular bench samples collected in the Middle- 
rk mine, twenty-one carried more organic than pyritic sulphur. 
The total sulphur in the average for the No. 7 mine is distributed 
‘tween the pyritic and organic forms as follows: 


Per cent 
[Sonne Gud SC 6 oe cdo GSE: ODS CG LOOGr DCURORC Op en Oar. 47.3 
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For the average of the samples collected in No. 8 mine the proportion: 
are: 


Per cent 
Pyriti¢c, Sulphur ie tute cere foto rean ae see rete ute nar iat ener meee 47.7 
Organic sulphury 33 Scpeccieeys eee ome er eee en ae et tes ape 52.3 
Sulphate sul pluT weiss ores ctelere se hele enaistege tee tence yee eects Trace 

At the Middlefork mine the distribution is as follows: 

Per cent 
Pyritie=-sulphurs 25. says cesta tse teva, o aysraiee wher eps ostor stead gt om ntey Oana ataNeRerey 60.5 
Oreanie sulphur can oteiere eerie teeters aca fone hauehioy slasrananel sleyey ele ics RAO 
Sulphate sulphur’ 7. 5 ero ctee.cs oe ssrsmhens cate ir eek eee ate Trace 


The sulphate sulphur content of the coal from each of these mine 
is less than 0.02 per cent in the freshly mined samples. 

The graphs of Figs. 14, 15, 16, and 17 were plotted to show any 
possible relation that might exist in the occurrence of pyritie and 
of organic sulphur. The pyritie sulphur values were plotted as ab- 
scisse and per cent organic sulphur as ordinates. Fig. 14, repre 
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Fig. 14. RELATION oF PyrRITIC AND ORGANIC SULPHUR IN THE NorTH 
Haur oF MrppLerorK MINE 


senting the samples taken in the north side of the Middlefork mine, 
shows a general tendency toward lower organic sulphur in the samples 
high in pyrite. The other graphs, however, show no definite tendeney 
either way in the other half of this mine or in the other two mines 
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Fic. 16. RELATION oF Pyritic AND OrGANIC SULPHUR IN MINE No. 7, 
West Kentucky Coat Co, 
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examined. On the whole the data secured cannot be interpreted as 
showing any definite relationship between organic sulphur and pyriti¢ 


sulphur. 
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Fig. 17. RELATION OF PyRITIC AND ORGANIC SULPHUR IN MINE No. 8, 
West KENTUCKY CoAL Co. 
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In order to secure additional data on the possible relation of 
organic sulphur to pyritic sulphur, a number of special samples were 
taken of coal immediately surrounding or interbedded with bands or 
cat-faces of pyrite. These samples were found to be about average 
or below the average in organic sulphur content. There is no onda 
of a concentration of organie sulphur in the coal immediately adjacent 
to pyrite inclusions. Description and analyses of these samples are 
given in Table 7. 


“u10}40q WIOAT “YY 


= 


SISBq 90dJ-OANYSIOUL V UO UeD Tod UT 9[qQRB4 UT WOATS senteA 


WLUAG NI HOT SATANVG NI SWUT WAHaTAG 


lor) 
a 
a 
Q 
oa) 
4 
ms ‘ayiAd Jo Spuvq “UI-3¢ OM} UdIMYOq PUL VPIS Yous UO “Ul Z OF “UT T T 02 6F'T 86°F LE'9 9 0 TZ 
2) 

“90BJ-9B9 * 
fH [jews pue ‘ayAd reqnyjeo pusq ‘ut-%{] ‘aywAd pavy pusq “ul-F¢ COL 90'S oL'¢ YAW a T 89 
= ‘nydyns ysty Swope “ur g “yg Aq “ur 4G Dare FLT 61's £6°F ag 0 £9 
q ‘Id ‘ds gp] ‘UIIOJoIOTYO uO yweoTy oma Of T PT rye eo aye vos 
3 : ; ‘aqytAd ouryp[eysA10 
fy JO S90Bj-]8O PUB ‘spuUBq “SUTOA YIM UMOIZIO4UI ‘Ur g Aq “ul g diy4g Soa owe OG. Fr 82°9 ro L a . Voc 
: ‘so0BJ-7B0 OMY pus “UT g Aq “UI H% aqtAd utoA [woTqAO A O'FL eA 3! 9L°¢ 06°9 0 qT 6S 
7) ‘ad ‘ds gp ‘uIOsOLOTYD uo yop se ole OG’ T 6I'T 69°S eR ag GF 
= 
) “oytthd Jo ui Dla 4 Sor Ly #9 TO'L 0 T oF 
2 AyRy ourpeyskso Jo pueq “Ul-gZ 04 “Ul-3¢T B Buope “ur G “AJ Z WOTJo0g ae 8F 0 eo L Ils ¥ 0 VSG 
& ‘oyIA IelNI[99 ouTT[VSAIO Jo saovj-yvo puv ayttAd snoydioure . 
i pivy JO Suct SuoTe pues ‘sepis y}Oq UO “UI G “J [ Aq “UL G UOIJOEg oe F380 98°L OL'8 6 0 V0G 
= “1B “dS QF] “UILOJOLOTYO UO YLOTT ae te S6°T 88°0 E8°G eta) ST 
B ; : “Yory} “UL S44] 0} Q UIOTF SOIIBA SuarT 
By ayAd Jo sus] BuO’ pur ‘sopis q}0q uO “ur G “4¥ T Aq ‘Ut 7 WOYDaG 0°61 SLT 8o'F 98°9 L 0 cI 
4a 
° 
Sy : ainyqdyng anyd[ng anyd[ng 4 lege sb 
5 SYIVUILA YT sy OTUBS.AC) oA [BIOL ssouyory,L | “ON afdureg 
(ea) [BOT}19 A 
= 
a= 
is 
2) 
— 
a 
B 


1 XIAdVy, 


1 = remy & 


tte mameeynan 9.7 Cay mete ebama ai td a NOP NY! 


50 ILLINOIS ENGINEERING EXPERIMENT STATION 


15. Forms of Sulphur in Raw and Washed Coals.—It is evident 
that if organic sulphur segregates with or is concentrated around 
pieces of pyrite, bone-coal, or shale, which are all of higher specifie 
gravity than the coal itself, it will be removed along with these im- 
purities as the refuse in the washing operation. On the other hand, 
if the occurrence of organic sulphur is independent of the distribution 
of these impurities, their Separation should not greatly affect the 
amount of organic sulphur found in the washed coal, except as a slight 
increase due to the removal of non-coal impurities, inorganic in nature 
and containing no organic sulphur. This increase in the organie 
sulphur content of the washed coal would of course be dependent 
upon the amount of inorganic impurities removed, and only in un- 
usual cases would the increase be appreciable. 


In order to obtain data on this question and on the forms of 
sulphur in raw and washed coal, seven samples of run of mine raw 
coal were obtained at the Middlefork mine, in addition to the face 
samples collected in the mine. Each raw coal sample represents a 
day’s production for the mine, which varies between 2400 and 2800 
tons. A sample of washed coal representing one day’s operation of 
the washery, on an average day, was secured for the purpose of com- 
paring the forms of sulphur present in the raw and the washed coal. 
Table 8 shows the forms of sulphur present in the raw and the washed — 
coal from the Middlefork mine and washery, together with the average 
for the face samples collected in the mine. } 


Table 8 shows the average sulphur values for about 17 500 tons of 


coal representing seven days’ production. The sulphur content varies — 
; 


TABLE 8 


Forms or SULPHUR IN RAW AND WASHED COALS FROM THE MIDDLEFORK MINE 


Values given in table in per cent, on a moisture-free basis 


Sample No. Total Sulphur Pyritic Sulphur | Organic Sulphur 
a PAW! COAL scciercsctatets oie ese ote wreteiate et Maat avo 3.68 2.42 1.26 
TSTERAW COOBN 5 ix waive oie ogee init tedele abstain sreenee 3.20 1.90 1.30 
(4 Raw Coal, adeekias do iesuis sth chietaa kes 3.22 1.99 1.23 
POLES WHC OBL. cis arte ntne arn Cte sei eee erate 3.59 2.07 1.52 
Ook w COB si2.5 seccttc coe iroie kao meee 3.33 1.93 1.40 
Ta RaW COBL: of Si ae emer ne 527, 2.08 1.19 
VS ARaW Coal. cxikcy cscs eevee ae eee ees 2.77 1.55 1,22 
Average fOr PAW OORLi. o.ccae coshtecenuaidcte 3.29 1.99 1.30 
Average of face samples for mine.......... 3.30 1.94 1.38 
Washed Goal... o. cwglataiiee mentees 2.25 0.92 1.33 
FROFUSO 2 Maiti gcc anus hareete tees Sate, © aan 13.45 rie ine 
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rom day to day, but the monthly average for total sulphur is about 3.25 
yer cent. The average of samples 72 and 78 inclusive, here shown as 
1.29 per cent sulphur, therefore represents closely the average produc- 
ion of the mine for total sulphur. Attention is directed to the com- 
sarison of the average values for the different forms of sulphur in the 
‘un of mine coal with the average for the sectional face samples col- 
ected in the mine. For total sulphur the values are 3.29 and 3.30 per 
ent, for pyritic sulphur 1.99 and 1.94 per cent, and for organic 
ulphur 1.30 and 1.38 per cent, respectively. This indicates that the 
ectional face samples collected in the mine are, as a whole, repre- 
entative of the mine production. 

It is interesting to note that the values for organic sulphur in 
he run of mine raw coal, and in the sample washed coal, are nearly 
Nentical; namely, 1.30 per cent for the raw coal and 1.33 per cent 
or the washed coal. These figures are shown in Table 8 given above. 
‘hough the washed coal sample does not necessarily represent the 
roduct obtained by washing the identical coal of the run of mine 
amples, these figures must be taken to show that little or no organic 
alphur is removed by the washing process. 

_ Similar data* have been secured as to the effect of washing on 
rms and distribution of sulphur on two other coals. Table 9 shows 
ne results for a coal from White County, Tennessee, and for samples 
“presenting a day’s run at a 1200 ton commercial washery in 
Tilliamson County, Illinois. The five washed coals are the various 
rade sizes produced at this washery. 


TABLE 9 
ForMs oF SULPHUR IN RAW AND WASHED COALS 


Values given in table in per cent, on a moisture-free basis 


Total Pyritic Sulphate Organic 


Source and Grade of Coal Sulphur Sulphur Sulphur Sulphur 


nite County, Tennessee: 

PCIE ay 6 Aeaetaldl save Gislatorne ehcals Kae 8 4.87 3.59 Loop st a Wear ly g 

Miable-washed coal. ............00. sees 3.02 — 1.84 less than 0.01 1.18 

iig-washed coal.............--..- ee eeee 3.80 2.61 weit 1.19 
amson County, Illinois: 

RMN LOE Tre oats teva le tied elnsie she oh, tieh@ 0, 0h 1.83 1.04 Trace 0.79 
MIE BEL GOO COAL... fois is 6 sisiorsieyo('ss 0 ovine 1.81 1.05 te 0.76 
SEA HRHOG COMI sf york sis is aise sacs cineca 1.56 0.78 0.78 
RPHENOG COB! 05 )0 204d ofa) we wieanioccic 1.57 0.82 0.75 
EPTEIOG: COBL 1 fe feinategiie ais cuca) owousate a0 1.57 0.81 0.76 
MEMUBSNEC COBLs:. <. tacts vec o'r cle 05s dies 2.33 1.57 0.76 
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These results indicate that only pyritie and sulphate sulphu 
are removed by washing. Iron sulphate resulting from the oxidatio 
of pyrite is soluble in the wash water. Gypsum occurring in thi 
plates is difficult to separate with the refuse. From these considers 
tions it is believed that the sulphate sulphur of the White County 
Tennessee, raw coal resulted from the oxidation of pyrite, rather tha 
from the presence of calcium sulphate, since sulphate sulphur 1 
almost entirely absent in the clean washed coal. 


An inspection of Tables 8 and 9 indicates that organic sulphu 
is distributed more or less uniformly through the coal substance an 
that it is not concentrated with or around the pyrite or shale deposit 
or other heavy material which is removed by coal dressing processe 
such as washing. The values for organic sulphur in the washed coe 
agree quite closely with the organic sulphur content of the corre 
sponding raw coal. There is no marked evidence of noticeably highe 
values for this sulphur form in the washed products than in th 
raw coals, because none of the three coals listed in the tables ra 
abnormally high in non-coal impurities, the removal of which woul 
cause an appreciable concentration of organic sulphur inthe washe 
coal. Because of the presence of large amounts of such impuritie 
in the raw coal, washed coal sometimes contains a higher percentage 0 
total sulphur than the original raw coal. 


In estimating the washability of a coal the organic sulphur con 
tent is an important consideration. The chief value in experimenta 
coal washing of the determination of this constituent lies in findin 
a value below which there can be no reduction of sulphur content b; 
mechanical processes of separation. For example, if the coal from. 
given mine averages two per cent total sulphur and one per cen 
organic sulphur, it would of course be impossible to secure a washe 
product carrying less than one per cent sulphur. Although this is | 
self evident fact, it is of such importance in determining the wash 
ability of a coal that attention is directed to it. Furthermore, in al 
coals a part of the pyritic sulphur will remain in the washed coal 
the amount depending, as has already been pointed out, upon th 
physical form in which the pyrite occurs in that particular coal. Thu 
in every case the minimum sulphur content that may be obtained ; 
the clean coal is well above the organic sulphur content of the ra 
coal. All the pyrite occurring in the form of microscopic partiel 
and a large part of that included under the classification ‘‘fine d 
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seminated pyrite,’’ is not removable, and for practical purposes i 


connection with coal washing may be considered as fixed sulphur. 


16. Organic Sulphur in Various Coals—The relatively hig 
proportion of sulphur occurring in the organic form in many coal 
has not been generally recognized. Table 10 shows the total, pyriti 
and organic sulphur values for a number of well known coals rey 
resenting both Eastern and Central District fields. For each coal th 
percentage of the total sulphur in organic combination is tabulatec 
It will be noted that the percentage of the total sulphur present a 
organic sulphur varies from 20.4 per cent in a coal from Clearfiel 
County, Pennsylvania, to 83.7 per cent in a coal from McDowe 
County, West Virginia. 


17. Microscopic Pyrite—At the Middlefork mine six samples o 
coal were taken for the examination of the microscopic pyritie sulphm 

The thin cross-section and photographs of these samples were mad 
at the Pittsburgh Station of the Bureau of Mines by Dr. Reinhard 
Thiessen, Microscopist of the Bureau of Mines, who has made a study 0 
the microscopic forms of sulphur in various Eastern and Central Distric 
coals.* All of the coals that he examined were found to contain vary 
ing amounts of sulphur in the form of‘very small globules or particle 
of pyrite. ‘‘These particles are seen in thin section as roughly rounde 
opaque dots. When isolated, they are generally shown to be roughl 
spherical in shape with a rough outer surface. They vary in diamete 
from a few microns to a hundred microns}, the majority measurin 
from 25 to 40 microns, relatively few exceed the latter diameter; the 
are therefore very small objects. . . . The amount of pyrite occurrin 
in this form varies considerably in different beds from which coal 
have been examined, and also in different samples from the sam 
bed, or even in different parts of the same section. A section withou 
these pyrite particles is rarely obtained. So far, no regularity ha 
been discovered.’’ Photographs of the thin sections made from th 
Middlefork coal samples are shown in Figs. 18 to 24. The photograph 
are all magnified approximately 200 times. The microscopic pynit 
is represented by black areas, more or less circular in shape, with 


* Am. Inst. Min. Eng., Bul. 153, 2431, 1919, 


yj A micron is the thousandth part of a millimeter or one twenty-five thousandth of 
inch. 
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Fig. 18. MicropHorocraPHs or SampLes or Inninors No. 6 Coat, 
SHowine Microscopic PyritE 


Fic. 19. MicropHotocraPHs oF SAMPLES oF ILLINOIS 
SHowine Mrcroscopic Pyrite 


MIcRoPHOTOGRAPHS OF SAMPLES OF ILLINOIS No. 6 Coat, 
SHowING Microscopic Pyritr 


Fig. 21. 


MIcCROPHOTOGRAPHS OF SAMPLES OF InLINoIs No.’ 6 Coat, 
SHOWING Microscopic PYRITE 


ICROPHOTOGRAPHS OF SAMPLES OF ILLINOIS No. 6 Coat, 
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SHowi1NG Microscopic Pyrite 
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MICROPHOTOGRAPHS OF SAMPLES OF ILLINOIS No. 6 Coat, 


23. 


Fia. 


SHowine Microscopic PYRITE 


Fic. 24. MicroPHOTOGRAPHS OF SAMPLES OF ILLINOIS No. 6 Coat, 
SHowine Microscopic PyritE 


« 
s 
i 
> 
‘ 
* ft " 
& r “+ : , 
vl =o . 5 " i * 
- e F% ate = : ft, 
P ¥. % » : ae - Ladue . - it 
Ae Or” Vang 4 ie PRs ns ee eh Deis 
, wy " Fs >in . od — a 4 
oo : ‘ a ied, oo “he ie Oe 
jee ee Bn ee ene RL. Mme 
fl - . ae LP) S rey > wy 
yf ae -\, x ~is 


Seid e 


THE DISTRIBUTION OF THE FORMS OF SULPHUR IN THE COAL BED 63 


reak on one or more sides. The streak was made during the prep- 
sation of the thin cross-section and, of course, ‘is not originally present 
i the coal. The photographs are cross-sections, that is, they are 
arpendicular to the bedding. 

The pyrite globules vary in diameter from a few microns to 
yout 60 microns. The average diameter is 20 microns. Since the 
ening in a 100-mesh standard screen is 147 microns it will be seen 
sat a 100-mesh grain of coal might contain a considerable number 
‘such globules. 

Samples of the top and middle benches of the coal were taken for 
ais work. Five photographs were made of sections of the top coal. 
wo of these photographs are included here, Figs. 18 and 19. The 
coal showed less microscopic pyrite than any of the samples of 
iddle coal, though in the great majority of cases, it is higher in total 
d pyritie sulphur than the middle coal. Hither the samples of top 
1 were not representative of this condition, or a smaller amount of 
e pyritic sulphur of the top coal occurs in the microscopic form. 
The middle coal shown in Figs. 20 and 21 was taken at the same 
zation as the top coal. The face at this location was not visibly high 
sulphur. Cat-faces and bands and veinlets of pyrite were not un- 
ually numerous. However, samples of middle coal shown in Figs. 
', 23, and 24 were taken at a location which was visibly somewhat 
zher in pyrite, and the photographs show this condition with respect 
microscopic pyrite. The average for this location is represented 
‘Fig. 23. 
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V. SuMMARY OF CONCLUSIONS 


A study of the data given in this bulletin suggests the followin 
summary of conclusions. 


18. Distribution of Pyritic Sulphur.—Extreme irregularity 0 
distribution is characteristic of the pyritic sulphur of coal in the bed 


1. The irregularities in the distribution of total sulphur ar 
due mainly to the concentration of pyritic sulphur in coars 
bands or lenses. 


2. Fine disseminated pyrite is much more uniformly dis 
tributed than is coarse pyrite. 

3. Microscopic pyrite was found in all the samples examined 
The amount of pyritic sulphur in this form cannot be accuratel 
determined because it varies widely even in the same thin section 


19. Distribution of Organic Sulphur.—As compared with thi 
very great changes in pyritic sulphur content the vertical distributio1 
of organic sulphur at a given location in the same bed is quite unl 
form. The results of this investigation, however, would indicate tha 
in high sulphur coals the uniformity of organic sulphur distributio 
is confined to very limited areas in the bed, and that taking even % 
single mine as a whole the variations in organic sulphur content maj 
be considerable, although it is much more uniformly distributed thai 
is the pyritiec sulphur. In low sulphur coals the variations in th 
distribution of organic sulphur are less and the values obtained fo 
organic sulphur approach uniformity, even for considerable areas. — 


20. Relation of Pyritic and Organic Sulphur.—There is littl 
evidence of a definite relationship in the occurrence of organic 
pyritie sulphur. High pyritie sulphur in a bench or section of a be 
_ is not indicative of a correspondingly high organic sulphur content. 

The proportion of the total sulphur that is in organic combinati 
in various coals (Table 10) varies within wide limits. In low sulph 
coals organic sulphur makes up a greater percentage of the total 
phur content than it does in high sulphur coals. 

Organic sulphur makes up a greater proportion of the total si 
phur content of coal than is generally recognized. In the 104 fa 
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amples taken in three coal beds, organic sulphur exceeded pyritie in 
9 samples. 


21. Practical Applications.—In estimating the washability of a 
al the organic sulphur content is an important consideration. The 
hief value in experimental coal washing of the determination of this 
constituent les in finding a value below which there ean be no reduc- 
ion of sulphur content by mechanical processes of separation, since 
e organic sulphur content of coal is not reduced by such methods. 
‘urthermore, in all coals a part of the pyritic sulphur will remain 
a the washed coal, the amount depending upon the physical form in 
vhich the pyrite occurs in that particular coal. Thus in every case 
ne minimum sulphur content that may be obtained in the clean coal is 
ell above the organic sulphur content. All of the pyritic sulphur oe- 
urring in the form of microscopic pyrite, and a large part of that 
i eluded under the classification of ‘‘fine disseminated pyrite,’’ is not 
emovable, and for practical purposes in connection with coal washing 
nay be considered as ‘‘fixed’’ sulphur. 

_ The organic sulphur content of some coals is sufficiently high to 
mit seriously the extent to which these coals can be cleaned of sulphur 
y washing. 

_ In some coal beds partial concentration of the pyritic sulphur 
1 the form of thick bands or lenses at certain definite horizons 
sakes it possible to clean the coai by selective mining or hand-picking. 


66 ILLINOIS ENGINEERING EXPERIMENT STATION 


APPENDIX I 
TABLES SHOWING Forms oF SULPHUR IN SECTIONAL SAMPLES 


United States Fuel Co., Middlefork Mine, Iliinois, No. 6 Bed.—Th 
following Tables A to L give the figures for total sulphur, organi 
sulphur, total pyritic sulphur, and fine disseminated pyritie sulphu 
in the sectional samples taken at the Middlefork mine near Bentor 
Illinois. These same data have been presented graphically in Fig. 1 
Charts A, B, C, D, E, and F, and in Fig. 2, Charts G, H, I, J, K, am 
L, lettered to correspond with the designation of the tables. The loee 
tions at which the samples were taken in the mine are shown by corré 
sponding letters on the map, Fig. 9. Table M gives the weighte 
average of the forms of sulphur for the bed at the various locations i 
the Middlefork mine. Below the analyses of each section is giver 
in parentheses, a statement of the visible impurities occurring in th 
section. These impurities were included in the sample except wher 
otherwise specified. 
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TABLE M 
ForMS oF SULPHUR IN SECTIONAL SAMPLES 
Middlefork Mine—Illinois Bed No. 6 
Average of Bed for Various Locations 


Values given in table in per cent, on a moisture-free basis 


3 4 Total Pyritic Organic 
ction Location Sulphur Sulphur Sulphur Ash 
1 10N.,1 W.N 3.88 2.12 1.76 13.3 
2 7 WON 3.72 1.82 1.90 nb | 
3 4N.,1W.N 4.82 3.17 1.65 13.2 
4 Main North 4.24 2.88 1.36 11.6 
5 3N.,1E.N. 4.08 2.95 1.27 11.5 
‘age for |North Side....... 4.15 2.56 1.59 12.1 
6 10 N.,1E. 8S. 1.35 0.66 0.69 8.3 
7 5S8.,1.E. 8. 2.07 1,22 0.85 9.2 
8 3 ES. 4.01 2.15 1.86 11.4 
9 Main South 3.28 1.43 1.85 10.4 
10 6S.,1W.S 4.26 2.57 1.69 11.6 
11 78.,,1 W.8 2.20 1.30 0.90 8.6 
12 10: Ni W..S 1.75 0.93 0.82 8.2 
age for |SouthSide........ 2.70 1.46 1.24 9.7 
memertor |Mine:....50.50.. 35. 3.30 1.92 1.38 10.7 


West Kentucky Coal Co. No. 7 Mine, Kentucky No. 12 Bed.— 
‘les N to S inclusive give the figures for the forms of sulphur in 
sectional samples taken at the No. 7 mine of the West Kentucky 
‘1 Company. Corresponding letters are used to designate the 
phs in the text, Fig. 11, N, 0, P, Q, R, and S, which present the 
‘e data and designate on the mine map, Fig. 12, locations at which 
‘samples were taken. Table V gives the weighted average of the 
i s of sulphur for the bed at the various locations in the No. 7 
e. 


West Kentucky No. 8 Mine, Kentucky No. 9 Coal.—Tables T and 
ive the forms of sulphur in the sectional samples taken in the No. 8 
e of the West Kentucky Coal Co. Fig. 13, T and U, show the 
data in graphical form. 
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APPENDIX II 
SINK AND Fioat TEsts 


ink and Float Tests on Bench Samples.—Tables 11, 12, and 
e the results of sink and float tests on the samples taken at two 
in the No. 7 mine, two places in the No. 8 mine, and four places 
‘Middlefork mine. A zine chloride solution of a specific gravity 
) was used and the samples were crushed to 14-in. maximum size. 
his test is often used as a preliminary washing test. The pro- 
n of float coal and its ash and sulphur content give a general ° 
tion of what may be recovered as washed coal. The sink and 
est gives a more perfect gravity separation than the commercial 
‘ashing methods. For that reason washing can not be expected 
alt in both as high recovery of washed coal and as great a re- 
n in impurities as the sink and float test. It approaches these 
;more or less closely, depending upon the efficiency and suitabil- 
ithe process used. 

solution of 1.35 specific gravity is more commonly used for 
‘st, but this is varied to suit the characteristics of the coal. In 
ase a solution of 1.35 specific gravity gave an unwarrantably 
sroportion of sink. The specific gravity of two representative 
1. samples of this coal from the No. 7 mine, determined by a 
atric method, were 1.319 and 1.318. The specific gravity of a 
site sample of the Middlefork coal including all samples on 
‘sink and float tests were made was 1.325. <A solution of 1.35 
8 eravity was considered too close to this figure to be suitable 
» sink and float test. 

ne float coal of sample 20 from the No. 7 mine was considerably 
in sulphur content than the raw coal; this is explained by 
ct that the sample contained a large amount of ash in the 
of coarse shale bands. The sink and float test therefore re- 
in the removal of a large amount of heavy inorganic matter 
‘was low in sulphur, leaving the sulphur concentrated in the 
oal. The sink amounted to 46.6 per cent of the sample and 
only 0.66 per cent sulphur, while the sulphur content of 
al was 0.97 per cent. Similar results are sometimes secured in 
ishing practice for the same reason. 
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